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INVESTIGATION OF A RATEAU SUPERCHARGER

A 700-HORSEPOWER AIRPLANE ENGINX*

By Hermann Oestrich

I. DESCRIPTION

FOR

This supercharger is designed for supercharging a 12-
cylinder water-cooled engine of 720 hpo at 1s700 r.p~rn.
It is a two-stage centrifugal compressor driven by the en-
gine through a I’arman
are:

Delivery,

Pressure,

Speed,

Compression ratio,

Type of supercharger,

Gear ratio,

Type of rotor,

Number of stages,

clutch. It; chief characteristics

0.67 kg/s 1.48 lb./see.

1,033 als. atm. 15.185 lb./sq.i-n.

1,700 r.pem.

2

centrifugal compressor’

1203

open on both sides

2

Stage 1 Stage 2—..———.-— —...———.-

Number of rotor vanes, 9 9

Numler of guide vanes, none none

Outlet diameter of rotor, 260 mm 260 mm
(10.24 in.) (10.24 in. )

Inlet diameter of rotor, 164 ru.1 152 mm
.(5.46 in. ) (5.98 in.)

——————————————————— .-..—.-—..-—..-..-—--.-.—--..——..---.-——————————————————.-——

*“Untersuchung eines Aufladers f~.r einen 700-PS-I’lugmotor.”
Automobiltechnische Zeitschrift, August 25, 1933, pp. 405-
411.
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., .“ 7 Siage: 1—-.——

Inlet angle PI at rotor ,90°
,,. .

Outlet angle pa at’”roioi’ ““ 90
~.: :-

.....

Width of va=passage at “outlet’ “““ 1800 mm “’
. . (0.71 in. )

Width of vane passage at inlet
with d=180 mm(7.1 in.) (st?ge::l):’:. 32.5 mm
and d=170 mm(6.7 in.) (stage 2) (1.28 in. )

. .. .

Stage 2-——-——
goo

., goo

16.0 mm
(0.63 in. ) “

31.0 mm
(1.22 in. )

Ou.tl.Otangle of inlet gu.i.dingap- , ....
par,a~usat mascimum. inlet diameter .A..

....o.fr.dtor ... .,..; .. ,. . 38” , 46°,
... .. .. .. ..,...,...

Further details are shown in figures 1 to ‘7. See figure3
for table of dimensions-... .. . . ...

. 11,.TESTING..:”..,.,,. ,. ,.

. .. .. ,,
For more thorough investigation, the supercharger was

mounted,Io~ the test stand of the DVL (Deuts.che Versuchs.an-
stalt fur Luftfahrt). In order to produce the condition
of operation at h~gh altitvdess the air inlet was..tlmo.t-
tied. On the outlet side, the air was conducted through a

* short wide stack into the open. The tests were madewith
the following instruments and methods:

Air measurement: 1912 standard nozzle, diameter
120 mm (4.72 in.),. ~~

Torque: cradle-type dynamometer.

Revolution sp”eed: DVL tachometer. ‘ ‘

Inlet pressure: lJ-tu’Qewith mercury.

Outlet pressure: IJ-tVhe with waier.
. .,

Inlet temperature: alCkilOl thermometer.

., “Outlet t&rpera”ttire: thermocouple.

:!,,,
‘“Several series of tests ‘were rfiad,e”,in wh’ich th~ kipi~l.

Was “gradually increased. Each”reading was taken after’”the
.
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torque had become cons f.a~it. A“ constant inlet temperature
was not awaited, so that tll..eoiutlet temperatures had. to
be cortiespond”$n~ly ’corrected. : ..,”. .’:”“’ ,:.’,.

The measured values are given in table I. With their
.’“.fielpthe ~oakj.dia~ram of the.supercliarger (fig. 13)”was .,
., ..plotted”’in~the.”~~..sual manner.- .It is valid. foran. intake’.
,, ‘,temp,eratuq.e..of-20°.C;(680F~)and,a f.inai pressur,e of 1s033

abs.,.,atm+ .,(~,5~l~5lbt/,sq~in o)5”,a.nd.shows the rela.ti,on be:
tween quant~ty delivered;’ com~res s”ion~.’ratio,..’r:~?~”m~~#power
required, and efficiency- If t,he intake temperature’ of -
the supercharger is: altered, the-c otipression ratio at. a
given repom= is also alte’rgd, The compression ratio at
another intake” temperature is determined on the basis ~f
the fact that the” adiabatic d~livery.;head for the volume
delivered is nearly constant~* A work diagram of general
appli.cation .is.-tlle~efore.o%tained. if,,,instead” ,of.the co-

,..ordi’n~~es “of”’figu~e 8; ,the”volume. deliver,e,d,.base~”on the,.
intake. cond.ition,,.istch:bsen ,a,sthe, a~s.cissa. and the effec-
tive. ad,iabatic,.~eliv,cry head as thq ordiaate., as was done.
.in fi.gur,e.96 ~n.,~he lhtt,e,~...f”iurerethe”,l,ines”..of“co’n&tant
revolution speed and co-nstant efficiency a“re~ within ~road
limits, independent of the intake pressure and temperature-
The ot?ler +ill.e.s.ar.,evalid for,,a final pressure of 760 mm
(29.,9 iil,)Hgan~,,+ rela.t,ion”.bet~een,,th.e intake pressure
and:temperat.ure ,c.orr.espo~ding-to that in the CINA (Comm~t-
te”e Intern~tional.e.,.de.Navigation Aer”ienn9) standard” atmos-,.
phere.

.,.. ..,,, ,., ..

. . ,. By””the adiabatic”” delivery h.ea,d.i.srneant”t”h.e“am~unt of
en’etigy.requir,ed fo.r.”,theadiabatic com~ression” of o’pe k’i~o-
grarn of.the,air to the, &e&.ir,ed”final.pressure”~ For “the
adiabatic.. delive.ry head” ““H’ad. in t~~”e.co’mpres.sion. from the
pr~ssure. pz t,g the pressure, PZJ :with. the customaryno-

.tation .in thermoaynamicg,...we have !. .,.-.. . : .:. ‘
. .. ... . >. . . ., ,,

, :. ,’ .:, ,, ..:
——____. ____ L______. ______” ____________ .____. ____________’____

*This restriction must be made because the volume. deliv-
ered varies during the, compress ion:”and the proportional
variation is also affe.ct.ed by. the compression ratio.
Heace the air velocities at the rotor islet and outlet,
which decide the de3.ivery head, cannot be fully and defin-
itely deter.wined.:from. the rotor ,r-pem= and .Z.ntak,e.v,ol-!,. .~.~eo ..”’.... .. ..,.

. ,.... . “’ ;.
... . . ,-. . . . .. . ..,. ... . . . .. ..! ,.

.——
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Wi:*li’”’t~i’s,~equat idn.-’tll””’”,tiompreds“io:nr~tio “pz/pl at aj:giVen
in++~e~“it$i$@.e.r@,ufe..c,anth er,efo.r’eb“?:.c’>”l+lated ir Om ‘“thead-
.~,~ti+t.~”c.@~.i”Ve,~.yK&:a@ ..Had “and the intake- ‘“t’e@-j%ia”ttir:e’ JTl●........:.,,.>.:,.,,.!,..,,,

“,,.,133ox qe:r;,%osi.~pl.ify:~~:ke,.@e.terrn$+~~:~.ori,0f ‘“~~~:,cd@’~”e$s:!{n
rat.iq.,;~,+&e,:.<u,nqtioj,p,,-,,: “

......’.! ...,.:,”::.,
..........“,..:.,..,: .:.,.,. ...........“.,. .

:..,...,...,., ‘.;..’.,.’:::,.:-1.:-;,:,,’,....F$ .“ ,.
.... ,.,1,.””.“:,: ....‘.,,.“..”,., -... .~,:.. X-1’:..”’l ““ ‘“’:”””:””’” “:.”.,.-, ——- . ...... ~.’:: ,,” .:,, ,

“{ ‘“’“:”” qa~ ‘“:’” “-x”--~’”” “;’/p (A ““:~~~:]”~“. -“ ““. ..,..,.
,..

‘2 il. ‘+-=--s’-:.“(”-* ”;’ .-1, :,! 5:,”.: .: ~~“’“-~;:::- ,., x,.-y,.’I.,,.“C&”].,’ ... I ,., ,,,,,,,,, , .,.::.”,”.. ... .... . .,,,.,
~ ,. ~., .,,,;, . ;, .“ .:... -:1,’.,’.:.:~

................,.,
:,,,... ...

..Af%er”.tlie dez~v$ry ’”he~d”;;+s, :~~s:plott.ed infl:~~&<e’j~lO.,,,.
.;beeg d.etermined-.fro~ f igure..9.,f6r & ceit~>ri .,?pe+qti~g ,COn-
!@$tionj $l?e .corr~spqn.di&. com~rss.s.iop ~atio.is :’tlien“oh-,
$.~ine,@by div,i,d,i.yg,the,.dei iv”er~,head,’by”;’the’a~solute. in-
%cilcet,ernp~rat~re:,qjldy.i~trdduc~+g:-tfiequotient into ,$~gure

,.,... ...,,
.. . .. .. ...- .!”

. ,,, .s, ., ., .,. .,, ;, ..,,
.. .. . .

. ,. ‘+fle.,c’o~’~t~~fj+pressure,“.ai~i’tudkii.Iil,:.spperc&a$~eGs ,,,!
..ju~s+,as,;~mpo,r$an.t”as t~e com”p>$”s”s~jo,n,,‘Ta~t’i@~,”,.By’ ~1.iis’is
.,,.,meant’,$.h,e.al.titr.d,e.up~j$0 ,yhi&h, ‘the ,,supe”ic’~atigeris abl:e to

compress the air’ to tile ‘pressu”r9”“=t “sea”level’.
.’. .

.,,The: ,d-i.ff,erellce.b:etweeu,..the, ,adi.abatit..delivery. head
....,an,.dt~e c,~qs.ta.nt-pres.sure.,~lt,i~t”iid,e..is “s~flall,q, The explana-

t.:~.?nof tlli.s.-.-is,,s.i~.pie<.:The: “&~is“ten. ceof..equ,i’1ibriub in
~.:tbe:,atyosp~ere. ~.,s..,has:ed on the “as.s;lpptioil,,.$h,a,t,tb@ con-
nr.e,s,sion,.enqrgy ab:sorbed ‘-~J7,.:o~~ejci,l’ogrtifi“o’f‘“air‘in pa’s”sing-..+
fro;.l;’’th’b’’altiudddd til ‘to tie altitude ‘~a, under con- ~

stant heat exchange wit””h’the ‘env-li’ionrie~~tj‘%Jus’%‘b-qu””&l’‘the
. energy given off by it due ..tothe change in altitude..

.....””.,,,;, ,-““.-,., ,,. . ,,.,..,. ,.. . ,“, ‘., ,:,. ,:
.. ..:I,f.:~Q.= 0;. ‘~hel~ ;,, .. ~“:.’,.’’””... .., ,’

. ...’. ... . .., .”!. : ,,

~ ‘“.jI==,lf?, v.’”a~,”=fo:~’.,;:.,. .:’: .,: ., ~,.’
., ...

. .!

.

. “.,... ,., 1,.,. ,.-’ ,.. . . . . ..
.. i., .’ ..:... ,,. .. ...

. ..”. .... . .“.,, ::, ..,, :., , ..:
,.

.,, .,’.! ..; . ,, !.,:!..........(..”.. ‘“
where the relatiol~ ~-revai,li.ng in the at~Os’p~. Ore at ‘~.,h,e‘“

tine must be inserted Xetween p and v. If the relation
is inserted which was established by the CINA for the stand-

1



ar d :,oat+o.s~.heqq.,:qq.,<he ~b,as+,8.,of .“nurne,r.ousQ,xP?r.iment.~?: HI
represents “the CINA altity,ile cor.r~$,y.oq’iiilg,to:?.i,rgandi-
tion l-.

.3. . - . .

Since, “
,.:

in tie” compression ‘on”the basins“of the rela-
tion between p and v in the CINA atmosphere, the tem-
perature of the air increases, although not so much as ~in
the adiabatic compress itin, the geometric altitude 111, at
which the air is in the condition 1, must %e lower than
the adiabatic, but higher than the isothermal delivery head,...

to”the’atmospheric” pressurer’eqvlis’ite.for”li.~s:””cornpr~ession ‘“
at’:sea ““loveIO; ‘“: -

,.. .,

.3?igur,e11 represents the relation between the CINA
constant-pressure altitude aad” the requ~ti~te delivery
head for attain ing,this “altitude. In “orderto eriable an
accvjrate rea”itin~ ‘in a srnal’l’spa-co, the difference between
the adiabat ic”~delivery .head”and the corresponding CINA
constant-pressure altitude” w5.s plotted tigain&’tthe CINA:.
altitude and ‘the-adiabatic delivery head. ,It:isseeq that
the “differ ence..i:svery slight, especially’ for iilt.ituitbs
below ~,OGO”m (19,685..ft.).” Fi&ure I.1 also contains the
dec”rease in ‘t:~ke~absolute.temperature “T and the relat~~e”
decrease .in””:tli.e”air prei’sure p and the ai.r”density {y
plo.t”tedaga.init” t,l~eGINA altitude. ..’” . ~~ . “..,

.With the.”aid;o.f these .rela.t.ions, the CINA cons.tant-
pressure “altitudea,nd the corresponding CI.I?A,compressto.n
ratio, .f.dr..agj.v,enrevolut.io.n speed and qu.antitydeliv- ‘-
.ered, canb~:immediately determined from figure 90 In or-
der to ,enable a quick a-ppio.xirnationof these values “from
figure 9,”theCIi?A constant-.~ressure alt,i.tud.escorrespond-
i-mg to. the adiabatic delivery head and the correspotidi’ng:
CIXA compression ratio ,were plotted.on a.’special scale of
ordinates. Figure 9 alsa.:contains the lines “of coristant “
powe.r:an.d deli”very:flweight::,rksulting“from norm’a:latmas-
phetiiccon,d.itio’ns and a .f$nal pressure of 760 ‘mm Hgi ~
:!These lines, .as likewisq the special ord-i~ate’scales; are
therefore valid only for. t.hecase where ‘the dared’rolati’bn
exists between temperature and “pressure in the’ CINA atmosp-
here and where the final pressure is equivalent to 760 mm

:‘–’.,
I XIg in.”cotitrasfi.,mith .tlle ‘~ine~’’.f’f Consfi.ant revoltiti’o.n~speed
k’ ,. and-.%,f:fi&i~encyJ”w.hic,hare iad.epeildent of t,he;init’i.altern-’
i, pe~ature. and ~ressvre. and always,. renain..practic,al’ly “con- “
!: stant.*———_____________ ___________..,-.__-._______..L__—”-___—___,,. —-.

*Slight variations in the adiabatic efficiency are due to
the fact that the mechanical-friction Losses do not vary

~ according to the power required for the compression. See
footnote, pa~;e 3, regarding slight variations in adia%atic
delivery head.

;; _ _____ _______ -- -. _-
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G = VI yl = VI 0s464 r,- kg/s--,::?,--.. ,:- . .-~.:.- ..: ,,.,.. “;.J,.”.‘,:’.. ,-.,1... ........,. .... .,..

!-., ,. .:... ,,, .,.
. . . .

, whie:~e, ,,~b ~d.e,no~e~sthe ,aero’dyri.al$,ic:p“re~s,s{,r.qi~~.mil~ imet ers...
of nercury- and” the “subscript- 1 refer-s to-”’”~he”.in,take con-:
tiition. ..

‘! ””,. ,.,, . . . ..,
....

.....Thepower curve S in .“fi&re,s 8 ,and 9 “slio’wthat the best
adia,batic eff“iciency”,:,is so,rn.~whq.t”abo.y,e..5.4Qer.cerit ail~ is
attained at 13400 r.p~rn~..an,d’”fo.ia deliv”eryjof 0.775 rn3/s
(27.37 cu. ft●) ~(has e,d..ont~,e.~ntake .co”ndiiion).,.the ,’tidia-
latic delivery .h,ead,,bqj,ng.4,900 m .(.16s076 .ft,~)>.uQ the
co.rr.esponding” C~NA cornRre.ssion”..,iat.io .1-81 ;“..I?o.rqorma~ .o”p-
erat ion : (:n.= 1700 ti..p.i~~‘“and..“..G”=,,0.67 “kg/S. (1,.48“lbi/”
se,c~))j .tQe.’adia~6tic,.e-~f~~ie+qj’.,~”ad,=“ 5? jerc~rit * the’..
adia~at,ic: Qeli..veryhead.:.Ha~-:.=6?50,0 .m (.21,325 ft ● ).s :the
CINA-cgns:t.an~yp.ressure ,.alt~it’u~eHc~NA = 6,240 m (20 ,,472
ft. ) and the CII$A compress ~on.rat,io (Po/P)clNA = 202?..

..,~Izfi‘or&&r to understand the flow’ conditions. in.,the....;: ...

supercharger, the air veloctti. es at yariou.s points, the
th~dretical delivery heads and ‘se”veral characteri.e~i.cs

,-~a.re:”:givenin talle .11. Of the theoretical. ,delivery ,heads,
o:n3Y those -.obta,iiiedwithout. guide, vanes can, be accurately

L.vie”termined. “It::aQpears hopeless tcj try to calculate ,t~q
i~ufluence of the guide vanes on the delivery .hea,dfor any

‘“ugivendelivery quantity~ because the flow conditions in ,-.
~l%e.guid.in.g apparatus are so unsettled. This also .,ac-
counts for the inability to. calculate the delivery quanti-
ty fqr undisturbed inflow. Judging from the angle sjof the
.in.flowguide vanes, the delivery quantity under normal, op-
erating conditions seems to be less than for undist~rbed
inflcw and ?lle same re~olutio. n speed. : ...

,J?orthe delivery quantity with undisturbed inflow in-
to the”rotor, ,the theoretical delivery h.e~d:,could ~e cRl,-
culated on:t~e basis ,o,~ an. assuqt, i~,n,.pore clearly,.des:$g-
nated in table III ::-.. ,,.

,,. . ... .,.~.,... . . “:.:’~., ..-.: .“,..,.. : ..””‘“..
.: ....~;;.....,,,.:.:,...’.,, -!>...... :.,”..’ . .. .

....................... ,-
.. .. .... .:,,. /.. ,. .,... . .. ,.

. .; .,,
,.,,

“!’-..’.. .“: ......!.! !:.,”.,:-...:~.. .‘, .’-,..”’..,. :, .,.,.. ,., “,, J!
.,. ,.,, .. .,, .
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III. SUMMARY
L-.

\

~“ The Rateau supercharger investigated had, under nor-
mal operating conditions (n = 1,700 ropeme and G = 0.67I
kg/s)s an adiabatic efficiency of 52 percent, the CINA

f
constant-pressure altitude being 6,240 m (20,472 ft.) and
the correspoilding CINA compression ratio %eing 2.22. Its
best adiabatic efficiency was 54 percent at 1$400 r.p.m.
and with a delivery quantity of 0.77 ins/s. The power re-
quired under normal running conditions was 11”0hp.. In or-
der to understand the flow conditions in the supercharger,
the air velocities at various points, the theoretical de-
livery heads and a few characteristics were calculated.

IV, APPENDIX

Calculation of the Mean Inlet Diameter

The mean inlet diameter is necessary to determine the
theoretical delivery head witil undisturbed inflow. In this
case the generally valid formula, for a blower with radial
vanes at inlet and outlet, is

~ (u2’ - U1’)~theor.m = g (1)

Ii~ the blower investi~ated, the inflow into the rotor does

not occur at a certain definite diameter Dl, but, as
shown in figure 12, at diameters betwee-n D3 and DA, i.e.,
on an annular opening. The peripheral velocities there-
fore lie between U3 and u4.
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ZableI. Erperibnt+lvalues

bte: Aug. 12, 1931- Oil tanperaturez50 to 60°C
Baromter: 7S8.2mn k Oil preseure:2 tq 3 atrnp.—.

Pressure
Temp. increase of

Throttle Revolution Cor rec+ed ~e+ore~u- p~ ::;:e PreSguA Temperp- ~;r.,”~~p=r~~~s~c~.

fim~ position‘speed tarque difference ture aft-
perchoryr nozzle in, nozzle inflow* Begin’g. I -End

of experiment

No.

x
.537 mkg ~:grn & .

mm H20
I: min. r.p. m. mm H20

neg pres.
Degrees centigrade

,.. ,

50 1000 I 49,0 151 185 /
I155

50 1163 ! 60,5 189
35 1008 ] 49,0 164 R I IH 20 ! %;

1 , ,.!

1170
1340
1520
1595
098
902
1112
1320
1450
1705

116
130
142
149
50
7’8
104

96
110
120
124
43
67
88
104
116
126

I 49,5

20 19,0
20 29,3
20 43,8
20 62,5

% I 1:X

4
5
6
7
8
9
10
11
12
13
—
14
15
16
17
18
—
19
20
21
22
23
—
24
25

;!
—
28
29
30
31

10
10
10
10 74:9 363

22,1 102
33,8 160
47,5 221
58,7 ‘ ?83
66,5 325
30,6 384

10
10
10
10
10
10

30,6
45,2
88,0
79,5
107,0

122
135
150

2 46 I 15
15
15 1093 50;3

1247 61,5
1395 72,3

710 24,2
917 38.7

195 169 ‘ 136 21,5 41,4 i 41,4
~:jz 189 158 21,5 54,2 55,3
272 218 186 21,5 06,0 ~ 67,7II 15

16

2 57
3 02
3 03

20
20
20

93 85 I 74 I 21,5 ~ 15,5 ; 15,5
142 136 115 21,3 25,8 25,8
187 180 154 21,0 ; 37,4
241 230 ~ 197 i 21,0 , 55,3 ! t?:
242 232 , 198 21,0 , 58,7 ! 58,7

1092 52;1

I 20 1318 69,9
3 06 20 i 1310 70,1

3141 35
316; 35
3171 ;;
320 I

665 , 22,8
905

I
39,5

1080 52,8
‘ 1328 71,6

3221 70 \ 713 I 25,2
3 24 70 912 39,5
326i 70 1090 ! 53,0
3 28 70 1208 62,6

3321 ; Ijl’ 17,8
334 , 30,1
3 36

I
8 1115 37,3

3 37 8 1332 46,9
3 39 8 1540 54,7

18 1780 63,2

107 26 24 20,0 28,1 ~ 24,7
186 41 34 20,0 35,2 37,4
236 43 42 20,0 48,3 ! 50,7
310 51 44 20,0 70,5 76,0
388 54 46 20,0
430

95,5 j M)ti
54 47 20,0 126,0 , ,

106 39 32 I 20,3 “23,1 , 24,7
174 80 53 I 20,3 34,0 35,2
225 73 64 20,0 44,9 46,2
300 90 20,2 66,0 68,6
353 100 ;: / 20,2 86,3 89,7
416 , 107 80 ‘20,5 ; 113,0 I 118,6

32
33
34

x
37
—
38
39
40
41
42
43
—
44

344 9
3471 9
348; 9
351 i 9

9
3 55 ‘9

698 I 19,6
937 1 31,7

402 i 148 ! 125 i 20,3 ! 108,0 i 113,0I 10 I 1735 I 82,6

* Simu(+aneati temperature o+ air in nozzle

U@ X 7.23298= ft.-lb.
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TABLE II. Investigation of Flow Conditions.

~~ Air velocity———..—.-—— .-——

Symbols

Operating
conditions——

r

Best
Normal effi-

ciency

1 Su~ercharger inflow anl_Quk~.~QY—x—— ———- -

Intake air volume

Revolution speed

CINA constant-pressure alti-
tude

CINA compression ratio

Adiabatic efficiency

Mechanical efficiency of su-
percharger including drive,
assumed

Hydraulic efficiency, based
on adiabatic perforinance

Relative temperature increase,
adiabatic

Relative temperature increase,
effective (with ~hyd.ad,
calculated)

Resulting compression exponent

Intake temperature (corre-F>-
tiponding to CINA constant-
pressure altitude)

Outflow temperature (calcu-

Ve

na

Hc lNA

Tad

Thyd.ad.

(~’)T/eff

n

Te

lated) - ~ Ta
I

1.05

1700

6240

2.22

0,52

0.90

0.577

1.258

1.447

1.86

247.5

358

).775

1400

4750

1.81

0.54

0.90

0s60

1.1865

1.311

1.84

257

337

kg/ s

:Op@m~

m

oK

oK
.
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TABLE II (continued)
—. .—

Outflowing air volume

Inflow section of supercharger

outflow “ II II

Inflow velocity of air

outflow II II II

I

Symbols

Va

Ye

Fa

Ce

Ca

2._x.Stage 1

Axial flow section before en-
trailce to first rotor

Mean .Gxial-.flow velocity

Flow section in rotor at
r = 90 mm (3.54 in.)

Flow volume a,trotor inlet
(r = 90 mm)

Relative velocity in rotor
(r = 90 mm)

Flow section at rotor outlet

Flow volume ‘[ 1’ II

Relative velocity at rotor
outlet

—.-.——-.

Operating
conditions

ormal

1.535

00683

123

95

85,3

72

179

58.7

174

1005

60.3

146

3.928

63.5

est

ffi-
iency

1*381

0.562

123

95

63

59.1

179

43.3

174

3.77’5

44.5

146

9.709

48.6
——

10

~3/*

cmz

c~z

m/s

m/s

cm2

m/s

m3/s*

m/s

c+

m3/s*

m/s

*See table III.
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TABLE II (continued)

,

,,

Symbols

I
-i–’

3. Stage 2-—--- .— ———

Axial flow section before in-
let to second rotor

Volume of flowing air

Mean axial velocity

Flow section in rotor
(r = 85 mm) (3.35 in. )

Flow volume in rotor
(r = 85 mm)

Relative velocity in rotor
(r = 85 mm)

l?low section at rotor outlet

Flow volume II II II

Relative velocity at rotor
outlet

b) Delivggx_QR&~a

Effective delivery head (adi-
abatically calculated)\

Peripheral velocity at outlet
of stages 1 and 2

Theoretical delivery heads
without guide vanes, with
infiilite number of rotor
vanes

I?llax

V“ax

C“a,xm

-pl*5

VIIB5

W’{B5

)jl 112

V112

~llz

‘eff

u~

‘theor.m———— .—

Operating
conditions

Normal

—..

141

0.830

58.8

158

0a830

52-5

130

0.’750

57.7

6500

284-5

16450

..——— .-
Best
eff i-
ciency

141

0.652

46.2

158

0s652

41*2

130

0.603

46-3

4900

234.5

11150
——

11

cm2

m3/s*

m/s

cm2

m3/s*

m/s

cma

m3/s*

/ms

m

m/s

m

*See table III.
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TABLE II (continued)
. .,–. T

!,

b) Delivery heads (cent, )

Minimum power factor for fi-
nite number of vanes ac-
cording to Pfleiderer

.

Theoretical delivery head
without guide vanes, with
9 rotor vanes

Mean peripheral velocity at
rotor inlet, stage 1

Mean peripheral velocity at
rotor inlet, stage 2

Theoretical delivery head
with undisturbed inflow,
rotor vanes co

Theoretical delivery head
with undisturbed inflow,
rotor vanes 9

c) Coefficients

Load characteristics

*F

6= ’22
U2 Ra

Pressure-head char-
a> acteristics

Stage
Stage

,

1:
2:

!

i
I

——.—’ .-

.

Symbols

‘theor.

Uflm

u“ lm

‘theor.m

‘theor.

OpOrating
conditions

—.

Normal

1.467
to

1.583

‘11220
to

10380

142,5

134.2

12560

8560
to

7930

0.193
0o156

0.395

Best
effi-
ciency

1.467
to

1.583

7620
to

7030

117.7

110.7

8530

5820
to

5390

0.179
0.154

0.440

12

m

n/s*

./s*

m

m

m

*See Anpendix.
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TABLE 111. Calculation of Flowing-Air Volumes

+ at Various Points ia the Supercharger

\
ij

{
The calculation of these volumes is necessary, in or-

,, der to determine the air velocities at the different,’
points. It started with the assumption that the tempera-
ture increase of the “air is the same in each stage and
that the temperature increase in the rotor is half that in
the whole stage.

1) na = 1,700 r.p.m.; Ve = 1.05 m3/s; G = 0.67 kg/s;

Te = 247.5 ‘K; Pa/P e = 2.22; n = 1.86
—.

~ T/’Te I
Y/Ye vI

Supercharger inlet il
Rotor 1, inlet 1

II 1. . outlet 1.112
II 2, inlet 1,224
II 2, outlet i 1,336

Supercharger outlet 1.447

1
1

1.131
1.265
1.400
1.535

1.05
1.05
0.928
0.830
0.750
0.683

Ve = v.”f.ta m-~s; G = U*DB”( Kg/s;2) na = 1$400 r.p.m.; ‘- - ‘--
al --w.. 1.

Te = 257 ‘K; pa/pe = 1081; n = 1~84

Supercharger inlet
Rotor 1, inlet

II 1, outlet
II 2, inlet
!1 2, outlet

Supercharger outlet

T/Te

1
1

le078
1-156
lm234
1.311

1

1
1.0935
1.1885
1.284
1.381

v

0.775
0.775
0.70’3
0.652
0.$603
09’562....

/,.
The theoretical delivery head for the rotor of the

blower investigated is therefcre

(2)

—
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I

j’ U’ dG
b.
J If a “--’G” = Ulma , then “u’= ro, the square of the

~

~\, mean inlet radius

1’
~J4r2 dG

i’
I. ‘1m2 = G

(3)
1:

Over the inlet cross section y = constant (approximately).
Theil equation (3) becomes

j’~ a.v

rlm2 .L
v

(4)

wilcre v=: denotes the flowing volume.

~OV7 dV = Cax dl?= dn # = 21T r dr. Hence

2Tr j4 r3 dr‘ax
rl~’ .~

v
(5)

If Cax were constaat throughout tho inlet cross section,
we would then have v = Cax Zn (r42 - r32) and

‘I mz = ~ (r42 1- r32) (6)

The axial inflow velocity is not constant, however.
Since the air flows from the entrance spiral, the veloci-
ty at the point of maximum deflection of the streamlines,
isecl at the maximum inlet diameter, is the highest and at
the ninimxn deflection of the streanlin.es, itie., at the
minimum inlet dianeter, it is the lowest. The calculation
of the velocity distribution over the inl~t cross section
might still he very difficult, due to t-he influence of the
inlet guide vay%es. Moreover, due to the sharp bend in the
vicinity of the naxirmn iulet diameter, no potential flow
can be expected. It is therefore assumed, as an approxi-
mation, that the velocity increases in proportion to the
inlet radius according to

c~x = kl rl (7)
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Introduced into equation (5), this yields

15

(8)

For ‘1m we obtain:

I

~ Stage 1 Stage 2

According t-o equation (8) 65.2 mm 61.3 mm

II II 11 (6) 6203 11 59.3 “

The difference in the values of ‘1r-l~ under the

given assumptions for the velocity distribution is there-
fore not very large. It nay bo assumed that the actual
value of rl~ differs still less fron that “calculated ac-

cording to equation (8).

Trailslation by Dwight M. Miner,
National Advisory Cormittee
for Aeronautics.

1

i
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Section W, compressed-airhoueing

o

SectionA-B

Figure l.&ngitudlnal section and sectionthrough compressed-airhoualng.
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section Section G-H
Section E-Y Guide _els

Suction side of spiral housing

Figure 2.-Inlet spiral and guide channels.

Spiral housing
(suction side) Compressed-airhousing

i

Figure 3.-Cross sections of

inlet end outlet spirals.

(For Umensions see table
on following page.)

;2H.-++ ‘g
-e 8.-Work diagmmof super.

I I I 1.

charger for a room temperature @d 1 1 I

of 200C and a final nressure of 4f- @ 43 4+ 45 46 I@’ 48

760 m u.
g------- Quantity delivered
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Fi,yure 3 (continued)

Housing of spiral Compressed-air chamber.-
Location —-—..—-- ——-.-—

T
——--——.-

Insideof
dimensions Section

1+ “

In~ide dimensions Section
section .— .———,, h

T
R A-A h R b B-B

degrees mm , mn c~2 mm ~ mm mm cm2

o 0 I?=o o 155 - Fo
45 32 11!: 21.0 15 170 - 4:6
so 60 14’2 44.2 26.5 181.5 42 10.1

135 63.2
1:: !:::

37 192 50 18.0
1.80 79.8 48 203 62 29.2
225 118 200 93.4 59 214 70 40.5
270 129.5 211.5 102.5 70 225 76 51.8
315 141 223 112.4 81 236 82 65.4
.360 150 !232 118.5 92 247 90 80.8

Inlet section Outlet section
145 X 85 mm = 123 cm2 110 @ = 95 cmz

———. —.— -—.
mm X OC03937 = in. cm~ X 0.155 = sq.in.

,>..-,.
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lq.gure50-
s~erchxrger
and gear
Se-paratedg

,,..,,

Figure 4.-
Supercharger
with
driving
geax.

.

,,I ,1.,’,

!QV41.$?32Awf

Figure 6.-
Details
of
superoh=ger.

II-
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N.& C.& ?eohnical Wamrandwm No.738 figs. 9;10.11,12

.

‘r’Err7’Ttm,, ,,,
I 11 I / II II A / / I I I I I

@ 41 42 43 44 45 46 47 &@tomYs#
=Zzoa, Delivery volume(intake cmdltion)

● 2 # *% %?
E135Eltzoat Ati&e ‘4x4 J‘i

Mgure 11.-Relationbetween CINA con-
stant-preseurealtitude end reqoisite
adiabatic delivery head for attaining
this altitude. Air t=perat~@?Pres-
mare end density plotted against al-
titude In CIEA atmephere.

Plgure 9.-
Work
diagram
of
supercharger.

Figore 10.-Diagram for f-
ing compressionratio from
adiabatic deltvery head end
intake temperature.
Adiabatic exponentU=l.405

Hgure 12.-Wter-
mtnation of mean
inlet diameter.
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